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Abstract of JP2000276172 
PROBLEM TO BE SOLVED: To generate a 
musical sound having the number of channels 
more than those limited by the slow data 
transfer speed of a storage device according 
to waveform data stored in the storage device. 
SOLUTION: When a cache hit of waveform 
data whose sound generation is indicated is 
detected, a musical sound is generated by 
using waveform data held in a cache memory 
1 1 and when a cache miss of the waveform 
data whose sound generation is indicated is 
detected, the waveform data regarding the 
sound generation indication are read out of a 
waveform memory 1 0 and transferred to the 
cache memory 1 1 , so that a musical sound is 
generated by using the transferred waveform 
data. Further, when timbre switching is 
indicated, whether or not waveform data used 
preferentially for the switching-indicated timbre 
are held in the cache memory 1 1 is detected 
and when the waveform data are not held in 
the cache memory 1 1 , the waveform data are 
read out of the waveform memory 1 0 and 
transferred to the cache memory 1 1 . 



7~ s 



I 



i|H*! 



□r 



s 

-Si 



Si 



4H 

m 



3 



r 

r 

IT" 



T" r 



V 



il 



Data supplied from the esp@cenet database - Worldwide 



http://v3.espacenetcom/textdoc?DB=EPODOC8JDX=JP2000276172&F=8 



2005/08/23 




(19) The Japanese Patent Office 

(12) Laid-open Patent Application Publication (A) 

(11) Laid-open Patent Application Publication No. 2000-276172A 

(43) Publication Date: October 6, 2000 (2002.10.6) 
(51) 



Int. CI. 

G10H 7/02 
G06F 12/08 



Classification 
Symbol 



FI 

G10H 7/00 
G06F 12/08 



Subject Code 



521K 
U 



5B005 
5D378 



Request for Examination: not yet requested 
Number of Claims: 7 OL (13 pages in total) 



(21) Application No. Patent Application No. Hei 11-79523 

(22) Application Date: March 24, 1999 (1999.3.24) 

(71) Applicant: 000004075 

Yamaha Corp. 

No. 10-1, Nakazawa - cho , Hamama tsu - shi , 
shizuoka-ken, Japan 

(72) Inventor: Masashi OKAZAKI 

c/o Yamaha Corp . , 

No. 10-1, Nakazawa - cho , Hamama tsu - shi , 
shizuoka-ken, Japan 



(74) Agent: Patent Attorney, Toshihiko WATABE 

F term (Reference) : 5B005 JJ11 KH12 LL00 MM01 

5D37 8 AD01 AD21 BB11 CC46 

(54) [Title Of the Invention] MUSIC SOUND GENERATOR DEVICE AND 
RECORDING MEDIUM THEREOF 

(57) [Abstract) 

[Problem to be solved] To provide a recording medium and music sound 
generator device capable of generating music sounds on a number of 
channels greater than the number of channels limited by the data 
transfer speed of the storage device, based on waveform data stored 
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in storage device with a low data transfer speed. 

[Solution] When a cache hit for waveform data specified for sound 
generation is detected, music sounds are generated using waveform 
data held in the cache memory 11; and when a cache miss for waveform 
data specified for sound generation instruction is detected, the 
waveform data specified for sound generation is read out from the 
waveform memory 10, transferred to the cache memory 11, and music 
sounds generated using the waveform data after transfer. When an 
instruction to switch tones is issued, a search is made to detect 
whether or not waveform data given priority by that switching 
instruction is held in the cache memory 11, and if not held in the 
cache memory 11, then that waveform data is read out from the waveform 
memory 10 and transferred to the cache memory 11. 
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[Claims] 

[Claim 1] A music sound generator device comprising: 

a low data transfer speed, first storage means for storing multiple 
waveform data; 

a high data transfer speed, second storage means; 

a decision means for deciding whether or not waveform data relating 
to a readout instruction is stored in the second storage means; 

a transfer means for reading the waveform data relating to the 
readout instruction from the first storage means and transferring 
it to the second storage means according to the readout instruction, 
when the result from the decision means is that waveform data relating 
to the readout instruction is not stored in the seconcL s torage means; 
and 

a music sound generation means for reading the stored waveform data 
from the second storage means, and generating music sounds based on 
the readout data, 

wherein the transferring of waveform data by the transfer means 
and generation of music sounds by the music sound generation means 
are performed, asynchronously. 

[Claim2] A music sound generator according to claim 1, wherein the 
transfer means transfers the waveform data relating to the readout 
instruction to the second storage means in waveform data units. 
[Claim 3] A music sound generator comprising: 

a low data transfer speed, first storage means for storing multiple 
waveform data; 

a high data transfer speed, second storage means; 

a tone switching instruction means for commanding tone switching; 

a decision means for determining whether or not the priority 
waveform data with a specified tone is stored in the second storage 
means, when tone switching is specified by the tone switching 
instruction means ; 

a transfer means for reading the waveform data from the first storage 
means and transferring it to the second storage means, when a result 
from the decision means is that priority waveform data is not stored 
in the second storage means; and 

a music sound generation means for reading the stored waveform data 
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from the second storage means, and generating music sounds based on 
the readout waveform data. 

[Claim 4] A music sound generator comprising: 

a low data transfer speed, first storage means for storing multiple 
waveform data including multiple waveform samples; 

a high data transfer speed, second storage means; 

a decision means for deciding whether or not waveform data relating 
to a sound generating instruction is stored in the second storage 
means; 

a transfer means for reading the waveform samples of waveform data 
relating to the sound generating instruction from the first storage 
means and transferring it to the second storage means, when a result 
from the decision means is that waveform data relating to the sound 
generating instruction is not stored in the second storage means; 
and 

a music sound generating means for sequentially reading the 
waveform samples for waveform data relating to the sound generating 
instruction from the second storage means according to the sound 
generating instruction, and generating music sounds based on the 
readout waveform samples; 

wherein the transfer speed of waveform samples of waveform data 
from the transfer means is set higher than the readout speed of 
waveform samples from the music sound generating means. 
[Claim 5] A recording medium storing a program capable of being 
executed on a computer and comprising: 

a decision module for deciding whether or not waveform data relating 
the readout instruction is stored in the high data transfer speed, 
second storage means; 

a transfer module for reading the waveform data relating to the 
readout instruction, from the low data transfer speed, first storage 
means storing multiple waveform data, and transferring it to the 
second storage means according to the readout instruction, when 
results from the decision module show that there is no waveform data 
relating to the readout instruction in the second storage means; and 

a music sound generating module for reading waveform data from the 
second storage means, and generating music sounds based on the readout 
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waveform data, 

wherein the transferring of waveform data by the transfer module 
and the generating of music sounds by the music sound generation 
module are performed asynchronously. 

[Claim 6] A recording medium storing a program capable of being 
executed on a computer and comprising: 

a tone switching instruction module for instructing tone switching; 

a decision module for deciding whether or not the priority waveform 
data relating to an instructed tone is stored in the high data transfer 
speed, second storage means, when there is a tone switching 
instruction from the tone switching instruction module; 

a transfer module for reading the waveform data from the low data 
transfer speed, first storage means storing multiple waveform data, 
and transferring it to the second storage means, when the result from 
the decision module is that the priority waveform data is not stored 
in the second storage means; and 

a music sound generation module for reading the stored waveform 
data from the second storage means, and generating music sounds based 
on the readout waveform data. 

[Claim 7] A recording medium storing a program capable of being 
executed on a computer and comprising: 

a decision module for deciding whether or not waveform data relating 
to the sound generating instruction is stored in the high data 
transfer speed, second storage means; 

a transfer module for reading waveform samples of waveform data 
relating to the sound generating instruction from a low data transfer 
speed, first storage means storing multiple units of waveform data 
including multiple waveform samples according to the sound generating 
instruction, and transferring it to a second storage means when the 
result from the decision module is that there is no waveform data 
relating to the sound generating instruction in the second storage 
means; and 

a music sound generating module for sequentially reading the 
waveform samples for waveform data relating to the sound generating 
instruction from the second storage means according to the sound 
generating instruction, and generating music sounds based on the 



5 



readout waveform samples; 

wherein the transfer speed of waveform samples of waveform data 
from the transfer module is set higher than the readout speed of 
waveform samples from the music sound generating module. 
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[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

The present invention relates to a recording medium and music sound 
generator device capable of generating music sounds on a number of 
channels greater than the number of channels limited by the data 
transfer speed of the storage device, based on waveform data stored 
in storage device with a low data transfer speed. 
[0002] 

[Background Art] 

The following types of music sound generator devices are utilized 
in the background art for generating music sounds based on waveform 
data stored in a storage device (including waveform memories (ROM)) 
with a low data transfer speed. Namely, 

(1) Music sound generator devices for generating a target music sound 
waveform by interpolation of a waveform sample read from the waveform 
memory, storing the read waveform sample utilized for interpolation 
in the cache memory, and generating a waveform based on the waveform 
sample in the cache; and 

(2) Music sound generator devices for loading waveform data stored 
in a hard disk which is a storage device with a low transfer speed, 
into a low- capacity , high-speed RAM, and generated music sounds based 
on this loaded waveform data. 

[0003] 

[Problem to be Solved by the Invention] 

However, among the devices of the background art, in the music sound 
generator device (1), as generating of the music sound waveform 
progresses, when the waveform sample for generating the music sound 
waveform by interpolation is not being held in the cache memory, that 
waveform sample cannot be read out from the waveform memory so the 
number of music sound waveform channels that are generated depends 
on the waveform memory data transfer speed. 
[0004] 

Among the devices of the background art, in the music sound generator 
device (2) when an instruction to generate a music sound is issued, 
that music sound could not be generated if the waveform data for that 
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music sound was not loaded in the RAM . 
[0005] 

In view of the above problems, the present invention has the object 
of providing a recording medium and. music sound generator device 
capable of generating music sounds on a number of channels greater 
than the number of channels limited by the data transfer speed of 
the storage device, based on waveform data stored in storage device 
with a low data transfer speed. 
[0006] 

[Means for Solving the Problem] 

In order to achieve the above objectives, the music sound generator 
device of claim 1 includes: a low data transfer speed, first storage 
means for storing multiple waveform data; a high data transfer speed, 
second storage means; a decision means for deciding whether or not 
waveform data relating to a readout instruction is stored in the 
second storage means; a transfer means for reading the waveform data 
relating to the readout instruction from the first storage means and 
transferring it to the second storage means according to the readout 
instruction, when the result from the decision means is that waveform 
data relating to the readout instruction is not stored in the second 
storage means; and a music sound generation means for reading the 
stored waveform data from the second storage means, and generating 
music sounds based on the readout data, wherein the transferring of 
waveform data by the transfer means and generation of music sounds 
by the music sound generation means are performed asynchronously. 
[0007] 

The first storage means here is typically a waveform memory (ROM) ; 
however, the first storage means is not limited to a waveform memory 
and may be any storage means with a low data transfer speed such as 
a hard disk or an MD . The second storage means is typically a cache 
memory but is not limited to a cache memory, and if the data transfer 
speed is fast, it may even be a RAM. The above holds true even for 
different claims. 
[0008] 

The transfer means preferably transfers waveform data relating to 
the readout instruction to the second storage means in waveform data 
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units. 
[0009] 

The music sound generator device according to claim 3 includes a 
low data transfer speed, first storage means for storing multiple 
waveform data; a high data transfer speed, second storage means; a 
tone switching instruction means for commanding tone switching; a 
decision means for determining whether or not the priority waveform 
data with a specified tone is stored in the second storage means, 
when tone switching is specified by the tone switching instruction 
means; a transfer means for reading the waveform data from the first 
storage means and transferring it to the second storage means, when 
a result from the decision means is that priority waveform data is 
not stored in the second storage means; and a music sound generation 
means for reading the stored waveform data from the second storage 
means, and generating music sounds based on the readout waveform data. 
[0010] 

The music sound generator, device according to claim 4 includes a 
low data transfer speed, first storage means for. storing multiple 
waveform data including multiple waveform samples; a high data 
transfer speed, second storage means; a decision means for deciding 
whether or not waveform data relating to a sound generating 
instruction is stored in the second storage means; a transfer means 
for reading the waveform samples of waveform data relating to the 
sound generating instruction from the first storage means and 
transferring it to the second storage means, when a result from the 
decision means is that waveform data relating to the sound generating 
instruction is not stored in the second storage means; and a music 
sound generating means for sequentially reading the waveform samples 
for waveform data relating to the sound generating instruction from 
the second storage means according to the sound generating 
instruction, and generating music sounds based on the readout 
waveform samples; wherein the transfer speed of waveform samples of 
waveform data from the transfer means is set higher than the readout 
speed of waveform samples from the music sound generating means. 
[0011] 

In order to achieve the above objects, the recording medium of claim 
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5, includes a decision module for deciding whether or not waveform 
data relating the readout instruction is stored in the high data 
transfer speed, second storage means; a transfer module for reading 
the waveform data relating to the readout instruction, from the low 
data transfer speed, first storage means storing multiple waveform 
data, and transferring it to the second storage means according to 
the readout instruction, when results from the decision module show 
that there is no waveform data relating to the readout instruction 
in the second storage means; and a music sound generating module for 
reading waveform data from the second storage means, and generating 
music sounds based on the readout waveform data, wherein the 
transferring of waveform data by the transfer module and the 
generating of music sounds by the music sound generation module are 
performed asynchronously. 
[0012] 

The recording medium of claim 6, includes: a tone switching 
instruction module for instructing tone switching; a decision module 
for deciding whether or not the priority waveform data relating to 
an instructed tone is stored in the high data transfer speed, second 
storage means, when there is a tone switching instruction from the 
tone switching instruction module; a transfer module for reading the 
waveform data from the low data transfer speed, first storage means 
storing multiple waveform data, and transferring it to the second 
storage means, when the result from the decision module is that the 
priority waveform data is not stored in the second storage means; 
and a music sound generation module for reading the stored waveform 
data from the second storage means, and generating music sounds based 
on the readout waveform data. 
[0013] 

The recording medium of claim 7, includes a decision module for 
deciding whether or not waveform data relating to the sound generating 
instruction is stored in the high data transfer speed, second storage 
means; a transfer module for reading waveform samples of waveform 
data relating to the sound generating instruction from a low data 
transfer speed, first storage means storing multiple units of 
waveform data including multiple waveform samples according to the 
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sound generating instruction, and transferring it to a second storage 
means when the result from the decision module is that there is no 
waveform data relating to the sound generating instruction in the 
second storage means; and a music sound generating module for 
sequentially reading the waveform samples for waveform data relating 
to the sound generating instruction from the second storage means 
according to the sound generating instruction, and generating music 
sounds based on the readout waveform samples; wherein the transfer 
speed of waveform samples of waveform data from the transfer module 
is set higher than the readout speed of waveform samples from the 
music sound generating module. 
[0014] 

[Embodiment of the Invention] 

The modes of the present invention are described hereinafter in 
detail with reference to the accompanying drawings. 
[0015] 

FIG. 1 is a block diagram showing the overall structure of the music 
sound generator device of the embodiment of the invention. 
[0016] 

The music sound generator device of the embodiment of this invention 
as shown in this same figure includes: a panel switch 1 containing 
multiple switches for en t er ing . di f f er en t types of information; a 
display device 2 for displaying various different types of 
information and having for example a large liquid crystal display 
(LCD) and a light emitting diode (LED); a CPU 3 for controlling the 
entire device, a ROM 4 for storing different types of table data and 
control programs executed by the CPU 3; a RAM 5 for temporarily storing 
performance data, all types of information entries, and processing 
results; a timer 6 for counting various time and the interrupt time 
for the timer interrupt processing; a hard disk device 7 for storing 
different types of data and different types of application programs 
including the control programs; an MIDI (musical instrument digital 
interface) 8 for entering MIDI signal from external sections and 
outputting MIDI signals to external sections; and a register 9 
containing areas for storing data such as ch (channel) data (described 
later on using FIG. 2) and C (cache) processing data (described later 
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on using FIG. 3) . These components 1 through 9 are mutually connected 

via a bus 18 . 

[0017] 

As described above, the hard disk 7 is capable of storing a control 
program for the CPU 3 to execute. When there is no control program 
stored in the ROM 4, the control program is stored onto this hard 
disk, and loaded by the RAM 5 to make the CPU 3 perform the same 
operation as when the control program is stored in the ROM 4. The 
above construction allows easily adding control programs and making 
version upgrades. 
[0018] 

The MIDI interface 8 is not limited to a dedicated interface, and 
may for example be a general - purpose interfaces such as an RS- 232C 
or USB (universal serial bus) , IEEE1394 (I triple-e 1394) . In that 
case, data other than the MIDI message can be simultaneously sent 
and received . 
[0019] 

The register 9 is connected to: a cache controller 12 for loading 
the waveform data stored in the large capacity (for example 128 Mword) 
and low data transfer speed (for example 6 Mword per second) waveform 
memory (ROM) 10 into a small capacity (for example 4 Mword) and high 
data transfer speed (for example 66 Mword per second) cache memory 
11 and for reading the waveform data loaded in the cache memory 11; 
a phase generator 14 for generating a readout address (relative 
address) of waveform data for each music sound generator channel by 
accumulating the F numbers FN showing the quantitative progress per 
one sample during readout of the waveform data for each channel; and 
a DSP (digital signal processor) 15 for processing waveform data read 
out from the cache memory 11. 
[0020] 

When generating music sounds, the music sound generator device of 
the embodiment of this invention here constantly reads waveform data 
from the cache memory 11 that serves as a reference for generating 
music sounds, and generates music sounds based on this waveform data. 
When this waveform data serving as the reference for generating music 
sounds is not being held in the cache memory 11, or in other words. 
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when a cache miss has occurred, that waveform data is read from the 
waveform memory 10, and after being transferred to the cache memory 
11, is read from the cache memory 11 to generate music sounds. At 
this point, the transfer speed of the waveform data from the waveform 
memory 10 to the cache memory 11 is set to be faster than the 
quantitative progress (readout speed) for the readout address of the 
waveform data on the cache memory 11 so that there is no incomplete 
transfer of the waveform samples to be loaded to the cache memory 
11 . 

[0021] 

In this embodiment, the device sampling frequency is for example 
set to 50 kHz. When the readout address generated by the phase 
generator 14 contains a decimal fraction, the waveform sample of that 
address is calculated by direct interpolation so that two waveform 
samples must be read out per single period and therefore the actual 
sampling frequency is 100 kHz. 
[0022] 

Music sounds for one channel can be generated if one waveform sample 
(The data capacity is assumed to be 1 word) is read out in one period 
of this .100 kHz sampling frequency. Therefore, when the stored 
waveform data (waveform sample) is read and music sounds generated 
in this embodiment, by continually accessing the cache memory 11, 
music sounds for 66 Mword/ s ec ./ channel -r 100 kword/sec . /channel - 
660 channels) can be generated. 
[0023] 

In this embodiment however, data transfer is performed at a maximum 
of 6 Mword per second within one sampling period. In other words, 
since waveform data is also transferred from the waveform memory 10 
to the cache memory 11, then 60 channels must be subtracted from the 
above 6 6 0 channels since 6 Mword/sec. + 100 kword/sec . /channel - 60 
channels. The music sound generator device of this embodiment is 
therefore capable of generating a maximum of 600 channels. 
[0024] 

The phase generator 14 generates the^readout address of a waveform 
data (real number) for each channel based on channel data for each 
sound generating channel (The number of channels is a maximum of 600 
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channel as described above) stored in the register 9. The phase 
generator supplies this integer portion of this number to the cache 
controller 12 and the decimal fraction portion to the DSP 15.. 
[0025] 

The cache controller 12 decides whether or not the waveform data 
to be read for each channel is stored in the cache memory 11, based 
on the C control data stored in the register 9. When the waveform 
data is not stored, the cache controller 12 starts reading waveform 
data on the applicable channel and simultaneously reads that waveform 
data from the waveform memory 10 and transfers it to the cache memory 
11. However, when the waveform data is stored, the cache controller 
12 reads out waveform data for the position (and that next position) 
corresponding to the integer portion of the read out address generated 
on the applicable channel, and supplies it to the DSP 15. 
[0026] 

The waveform data here is read from the waveform memory 10 in block 
units (1 kWord is one block in this embodiment) and loaded into the 
cache memory 11. The waveform data capacity to be read out is usually 
larger than 1 kWord so that multiple blocks are loaded into the, cache 
memory 11. However, when the cache memory 11 does not possess the 
total available area capacity for these multiple blocks, then the 
waveform data for each block is stored discretely in the cache memory 
11. The phase generator 14 on the other hand, consecutively issues 
the loaded addresses as addresses for the applicable waveform data. 
A virtual address is therefore defined for the actual address on the 
cache memory 11, and by repositioning this virtual address (virtual 
address for each block), the waveform data addresses that are 
dispersed actual addresses, are seen as consecutive objects. This 
type of technology is called garbage collection. This technology 
eliminates the need to transfer data stored in the cache memory 11 
when collectively using the empty available area and therefore allows 
high speed processing. 
[0027] 

In order to read out the target waveform data from the cache memory 
11, the cache control ler. 12 connects to the cache memory 11 via the 
address converter 13 for converting this virtual address into an 
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actual address on the cache memory 11. 
[0028] 

The DSP 15 performs sound generation channel processing, effect 
processing, and mixer processing. The DSP 15 outputs the digital 
music sound data from this processing to the D AC (digital to analog) 
converter 16. The DAC 16 converts the digital audio data supplied 
from the DSP 15, into an analog sound generation signal, and converts 
this signal into sound via a sound system 17 comprised of an amplifier 
and speaker, etc . 
[0029] 

The sound generation channel processing here mainly includes for 
example, sample interpolation processing, tone filter processing, 
volume envelope processing, and channel accumulation processing. 
[0030] 

In sample interpolation processing, interpolation processing is 
performed based on the decimal fraction portion of the readout address 
supplied from the phase generator 14 and the waveform data supplied 
from the cache controller 12, and generates a waveform sample for 
the interpolated waveform data. In the present embodiment, the cache 
controller 12 provides two waveform samples per channel to the DSP 
15, and the DSP 15 performs interpolation processing to generate 
interpolation samples based on these two waveform samples. Of course, 
interpolation can* be performed to a higher degree based on the newly 
readout waveform samples and previously readout waveform samples. 
[0031] 

In the tone filter processing, the tone is controlled by subjecting 
the interpolated waveform data to processing such as with a low-pass 
filter. This low pass filter processing is performed based on the 
supplied parameters such as the cutoff characteristics and the 
resonance characteristics, etc. 
[0032] 

In volume envelope processing, a time change (envelope) in the 
volume from the rise to the fall of the music sound is applied to 
the waveform data after tone filter processing. This volume envelope 
processing is also performed based on EG (envelope generator) control 
information supplied as a parameter. 
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[0033] 

In the channel accumulating process, the waveform data applied with 
an envelope, is regulated at the respective for the effect processing 
levels (in the embodiment, 3 types of processing, including the chorus 
processing, reverb processing, and equalizer processing) and 
accumulative channel processing performed on all channels before 
output to the respective effect processing. 
[0034] 

In the chorus processing, a chorus effect is applied to the waveform 
data output for the applicable process. 
[0035] 

In the reverb processing, a reverberation effect is applied to the 
waveform data output for the applicable process. 
[0036] 

In the mixer processing, the respective volume levels for the 
waveform data applied with the chorus effect and waveform data applied 
with the reverb effect are regulated, and the volume controlled 
waveform data and waveform data output for equalizer processing are 
subjected to mixing. 
[0037] 

In the equalizer processing, the frequency characteristics of the 
waveform data mixed in the mixer processing, are processed. 
[0038] 

The DSP 15 supplies this waveform data whose frequency 
characteristics were processed, to the D AC 16. 
[0039] 

The phase generator 14 and the DSP 15 must therefore time divide 
the processing for generating music sounds for a maximum of 600 
channels within one sampling period. To achieve this processing, 
each of the circuits may be placed in parallel or a pipeline 
configuration utilized as needed. In other words, a pipeline 
configuration is employed to handle the processing for the time 
divided 600 channels in multiple steps. A pipeline configuration 
of two parallel pipelines can each handle 300 time divided channels 
in multiple steps, or a configuration of four pipelines in parallel 
can handle 150 time divided channels in multiple steps. The number 
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of pipeline stages can generally be reduced by increasing the number 

of circuits in parallel. 

[0040] 

FIG. 2 is a diagram showing the data format of the channel data 
stored in the register 9. 
[0041] 

The channel data is made up multiple units of data needed for 
generating music sounds on the applicable sound generating channels. 
The register 9 contains areas for channel 1 to channel 6 00 where data 
for 6 00 channels is stored. The channel data formats are all jointly 
used so the data format for the channel data on channel 3 is given 
as a typical example! 
[0042] 

The channel (ch) data in the same figure is made up of: an F number 
FN; the overall volume for the generated music sounds; a waveform 
ID for specifying the waveform data in the waveform memory 10 for 
utilizing the generated music sounds; relative address information 
for a specified position (for example, the readout start position, 
loop readout start position and loop readout end position) as the 
basis for the lead storage position (address) of the waveform data 
of the applicable waveform (matching the waveform ID) on the waveform 
memory 10 (or the cache memory 11); the DC F (digital controlled 
filter) control information (including cutoff characteristics and 
resonance characteristics) as parameters for filter processing in 
the tone filter processing; EG control information as a parameter 
used in volume control in the volume envelope processing; other 
information utilizing in generating music sounds; and on/off data 
showing the note-on/off states respectively as "0" and "1" . 
[0043] 

The F number FN shows the address readout speed per one sample when 
reading the waveform data. This value is determined by establishing 
the pitch of the music sound to generate and the waveform data used 
to generate that sound. The tone emitter 14 is synchronized with 
the system sampling frequency (50 KHz in this embodiment as described 
above) , the F number FN is accumulated at each channel and, a readout 
address (relative address) generated for waveform data of each 
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channel . 
[0044] 

ID is respectively assigned to each of the waveform data stored 
in the waveform memory 10. The target waveform data can then be 
specified on the waveform memory 10 by specifying the waveform ID 
within that channel. 
[0045] 

Generating of music sounds from on/off data starts for the 
applicable channel, at the point in time that the value changes from 
a "0" to a "1" and an instruction is sent to the DSP 15 to commence 
release of music sounds on the applicable channel. 
[0046] 

FIG. 3 is a diagram showing the format of the C control data stored 
in the register 9 . 
[0047] 

The C control data includes multiple units of data for managing 
the waveform data stored in the cache memory 11. Areas cwl through 
cw600 are formed in the register 9 for storing data for 6 00 waveforms. 
The channel data formats for each of the C control data are all jointly 
used and so the data format for the control data of cw (cache wave) 
3 is given as a typical example. 
[0048] 

The C control data in the same figure is made up of : a waveform 
ID for applying the same effect as the waveform ID within the channel 
data; a transfer state TS showing the transfer status of the 
applicable waveform data to the cache memory 11; the transfer speed 
TA showing the speed when transferring the applicable waveform data 
to the cache memory 11; a cache storage position virtual address for 
expressing the virtual address of the storage position on the cache 
memory 11 on the applicable waveform data; a transfer end size for 
showing the data size of the data transferred to the cache memory 
11 from among the applicable waveform data; a total size for showing 
the overall size of the applicable waveform data; a waveform memory 
storage position linear address for showing storage position of the 
applicable waveform data on the waveform memory 10 with a real address 
(a linear address since the waveform data is usually (consecutively) 
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stored linearly on the waveform memory 10). 
[0049] 

The transfer state TS acquires an integer value for any from "0" 
to "2" and these integer values signify the following. 
[0050] 

0: signifies a state where waveform data showing the applicable 
waveform ID is not used in generating music sounds. 

1: signifies a state where waveform data showing the applicable 
waveform ID is currently being transferred in the cache memory 11. 

2: signifies a state where transfer of waveform data showing the 
applicable waveform ID to the cache memory 11 has been completed. 

The transfer speed TA utilizes any integer value from "0" to "120" 
and the number of blocks transferred per second (in this embodiment, 
50 blocks equals 50 kwords) is set as one unit. A TA of 0 for example 
shows a state where no transfer of data to the cache memory 11 is 
performed. A TA of 1 shows a state where data transfer to the cache 
memory 11 is performed at 50 blocks per second. A TA of 2 shows a 
state where data transfer to the cache memory 11 is performed at 100 
blocks per second. Therefore, the larger the value set as the 
transfer speed TA, the faster the transfer speed of a number of blocks 
per second. 
[0051] 

Here, the number of blocks transferred per second is set as 50 blocks 
because this transfer speed is equivalent to the speed for reproducing 
music sounds (when reading waveform samples for waveform data at the 
system sampling frequency ( =» 50 kHz)) from waveform data when the 
F number FN was set to "1". 
[0052] 

The transfer speed TA can utilize up to a maximum of "120" as 
described next. This is because the data transfer speed from the 
waveform memory 10 is 6 Mwords per second in this embodiment. 
Therefore, when there are multiple units of data for transfer to the 
cache memory 11, then "120" is used to distribute this data. (In other 
words, the total value of the transfer speed TA assigned to each load 
does not exceed "120".) The following methods may be used for 
distributing this data. Namely, 
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(1) A method where an integer value larger than the load during tone 
switching is assigned with priority to the load during sound 
generation ; 

(2) A method where a number of a value equal to or higher than the 
integer is assigned to the load during sound generation according 
to the F number FN of the channel for generating sounds using that 
waveform data; and 

(3) A method where an integer value less than 120 may be assigned 
to. the load during tone switching (For example, when the transfer 
speed TA assigned to other loads has reached "120" then a transfer 
speed TA of "0" may be assigned to the load during the remaining tone 
switching . ) 

In the method in (1), the load for generating sounds is the 
applicable waveform data to be read out from the waveform memory 10 
and loaded into the cache memory 11 when waveform data for sounds 
yet to be generated have still not been stored in the cache memory 
11. The load during tone switching in this embodiment, is the 
applicable waveform data read out from the waveform memory 10 and 
loaded into the cache memory 11 for example in case that waveform 
data given priority for the specified tone (for example, the most 
frequently used) is not stored in the cache memory 11 when the data 
instructing the tone switching is supplied as performance data. 
{0053 ] 

In the above method (2) , the integer value according to the F number 
FN is for example an F number FN with numbers below the decimal point 
rounded off so that for example a "2" is generated when the FN equals 
1.5. Setting an integer equal or larger than the integer according 
to the F number FN serves to set one unit of transfer speed as the 
reference for the transfer speed required when the F number FN equals 
1. When the F number FN is set as a larger valve than "1", unless 
waveform data is transferred to the cache memory 11 at a transfer 
speed based on this reference unit, then the readout speed of the 
address might exceed that of addresses for waveform samples that were 
already transferred. If this happens, then music sounds cannot be 
generated . 
[0054] 
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Unlike the method (2), the method (3) contains no conditions for 
setting the values of transfer speed T A during the load in tone 
switching such as used in method (2). These conditions are not set 
because there is a time surplus from the time of the tone switching 
instruction to the time the music sounds are actually generated with 
that tone. 
[0055] 

The cache storage position virtual address as described above, 
expresses the virtual address of the storage position on the cache 
memory 11 holding the applicable waveform data. The blocks including 
the applicable waveform data discretely placed on the real address 
space on the cache memory 11, are again placed in consecutive 
positions on the virtual address space. In the present embodiment, 
each waveform sample of the applicable waveform data is read based 
on the cache storage position virtual address so the phase generator 
14 can read and issue the address just by accumulating the F numbers 
FN. The cache controller 12 automatically repositions the data block 
on the virtual address space, and based on these results, the cache 
controller 12 rewrites the address conversion table in the address 
converter 13 for mutually converting the virtual address and the real 
address. This control processing executed by the cache controller 
12 is already shown in detail in JP-A Hei 6 - 3 547 3 and so the 
description is omitted here. By utilizing the hardware type address 
conversion disclosed in this document, access to the cache memory 
11 by way of the virtual address can be achieved without a time delay. 
[0056] 

After first describing the general concept of the control 
processing executed by the music sound generator device structured 
as described above, a detailed description is related with reference 
to FIG. 4 through FIG. 7. 
[0057] 

The music sound generator device of this embodiment performs the 
following main processes, namely the music sound generator device: 
(1) detects a cache hit or a cache miss for waveform data specified 
for generating a sound, and when a cache hit is detected, a music 
sound is generated using the waveform data held in the cache memory 
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11; and when a cache miss is detected, the waveform data relating 
to the specified sound to generate is read from the memory 10, and 
transferred to the cache memory 11 and the music sound is generated 
using the waveform data after transfer; 

(2) when tone switching is instructed, detects whether or not priority 
waveform data at a tone specified for switching is being held in the 
cache memory 11. When that waveform data is not being held in the 
cache memory 11, that waveform data is read from the waveform memory 
10 and transferred to the cache memory 11; 

(3) transfers waveform data from the waveform memory 10 per (1) and 
(2) above, to the cache memory 11, and asynchronously reads the 
waveform data (waveform sample) held in the cache memory 11 for 
generating music sounds for each channel; 

(4) performs caching of waveform data into the cache memory 11 in 
single waveform units (however, the transfer of waveform data in 
single waveform units from the cache memory 11 is not required and 
in this embodiment, the waveforms are transferred by time division 
in multiple portions arrayed in parallel . In other words, when cache 
management such as load instructions for when there were only hits 
or when a cache hit was identified, is executed only in units of a 
single waveform and not for each sample or in multiple sample units 
within a single waveform. The waveform data may also be stored 
discretely on the cache memory 11 or may be stored consecutively.) 

(5) transfers waveform data during a cache miss per (1) above or in 
other words, transfers data from the waveform memory 10 to the cache 
memory 11 at a faster speed than the waveform sample readout speed 
during generation of music sounds. 

The control processing for (1) through (5) is next described in 

detail . 

[0058] 

FIG. 4 is a flow chart showing the sequence for the tone switching 
event processing executed by the music sound generator device of this 
embodiment and in particular by the CPU3 for implementing the control 
processing (2) . This processing starts up when tone switching is 
supplied at the performance data. 
[0059] 
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In the same figure, the tone number, (new tone number) for the new 
tone instructed by an instruction from the tone change event is 
acquired and stored in the area TC (hereafter, the contents of this 
area are referred to as "tone TC") maintained at a specified position 
on the RAM 5 (step SI) . 
[0060] 

The waveform 10 for the waveform data loaded in the cache memory 
11 according to the priority level within the different types of 
waveform data used in the tone TC is next established (step S2) . 
[0061] 

A decision is next made whether waveform data matching this 
established waveform ID should be newly loaded in the cache memory 
11 (step S3). Whether or not waveform data should be newly loaded 
is decided as described next. 
[0062] 

In other words, a check is made whether a waveform ID identical 
to the waveform ID established in step S2 is present in C control 
data whose transfer state TS is other than "0". If not present, then 
the waveform data matching that waveform ID must be newly loaded. 
[0063] 

In step S3, when there is no waveform data to be newly loaded because 
the target waveform data is being transferred to the cache memory 
11 or transfer is completed, the tone change event processing is 
promptly terminated. However, when there is waveform data to be 
newly loaded, the processing subroutine (described later using FIG. 
6) for executing instructions to load the waveform data into the cache 
memory 11 is executed (step S4) and then this tone change event 
processing is terminated. 
[0064] 

This load instruction processing subroutine is structured to allow 
switching to low speed loading or high speed loading in one subroutine 
according to the value set in the transfer speed TA as described later 
on. In step S4, the low speed instruction is performed by setting 
a value corresponding to "low speed" in the transfer speed TA. A 
low speed is set because there is no need for high speed loading during 
the tone switching. 
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[0065] 

FIG. 5 is a flow chart showing the sequence for note-on event 
processing that is executed by the CPU 3. This sequence implements 
the control process (1) . This processing is started when performance 
data is supplied as the note-on event. 
[0066] 

In the same figure, the note number and (&) the velocity are acquired 
from the supplied note-on event, and these are respectively stored 
in the area NN (hereafter the contents of this area are called ("note 
number NN") maintained in a specified position on the RAM 5, and an 
area VEL (hereafter the contents of this are called "velocity VEL") 
maintained in a specified position on the RAM 5 (step Sll). 
[0066] 

Next, the waveform ID matching the note number NN and the tone TC 
(this tone TC is already set when the note-on event is supplied) is 
detected (step S12) . 
[0068] 

A decision is next made whether .the waveform data for this detected 
waveform ID is loaded in the cache memory 11 or not (step S13) . This 
decision is made by the same method as used in step S3. 
[0069] 

In step. S13, when the target waveform data is not loaded in the 
cache memory 11, a load- instruction process subroutine (however, a 
high-speed instruction) the same as in step S4 is executed (step S14) . 
Then, the process proceeds to step S15, when the target waveform data 
is loaded in the cache memory 11, step S14 is skipped and operation 
proceeds to step S15. 
[0070] 

In step S15, an available channel is detected and sounds are assigned 
to those channels. 
[0071] 

Proceeding to step S16, the different parameters are set according 
to the tone TC and the note number NN on the assigned channels. More 
specifically, the F number FN, the waveform ID, the relative address, 
the DCF control information, the EG control information and other 
information are written into the channel data area corresponding to 
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the assigned channel among the channel data areas for the 600 channel 

in the register 9. 

[0072] 

Then, after the note-on was set in the applicable channel (step 
S17), this note-on even processing is terminated. The note-on 
settings here are made by setting the note-on/off data in the channel 
data area of S16, to a note-on ("1"). 
[0073] 

FIG. 6 is a flow chart showing in detail the procedure for the load 
instruction processing subroutine of step S4 and S14. This load 
instruction processing executes the control process (5). 
[0074] 

First of all in this figure, the minimum k (k is any integer from 
1 to 600) is acquired from the areas cwk where the transfer state 
TS is "0" among the C control data storage areas for 600 waveforms 
of register 9 (step S21). 
[0075] 

Next areas on the cache memory 11 are assigned for storing waveform 
data showing the established (or detected) waveform ID (step S22). 
These areas are for example assigned as follows. Namely, 

(1) Multiple waveform data stored in the cache memory 11 are filled 
into the virtual address; 

(2) Then, an area for writing the waveform data indicated by the 
waveform ID is secured in the available area; and 

(3) If the available area is inadequate then areas storing currently 
unused waveform data are released for use, and the processes in (1) 
and (2) are repeated. 

[0076] 

The required parameters are next set in the area cwk in step S23. 
More specifically, the waveform ID, transfer state TS, cache storage 
position virtual address, total size and waveform memory storage 
position linear address are written. 
[0077] 

This loading instruction process then simultaneously terminates 
after the transfer speed TA for each waveform data is assigned 
(distributed) in step S24 according to the priority level of the 
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waveform data for loading. This distribution is performed by the 
method described above and each of the distributed transfer speeds 
TA are written into the corresponding transfer speed T A area within 
the applicable area cwk. A transfer speed equivalent to a "low speed" 
is in this way set in the tone change event processing, and a transfer 
speed equivalent to a "high speed" is in this way set in the note-on 
event processing. The "low speed" and "high speed" are relative 
expressions for transfer speeds in the tone change event processing 
and the note-on event processing; and signify that a larger speed 
is assigned for transfer in the note-on event processing as a result 
of the distribution. Even in cases where set to "low speed", a "120" 
is assigned as the transfer TA speed if other transfers are not being 
performed. 
[0078] 

FIG. 7 is a flow chart showing the transfer processing procedure 
executed by the cache controller 12 that also implements the control 
processes (3) and (4). This transfer process starts when the load 
instruction is issued by the load instruction processing subroutine 
in FIG. 6. 
[0079] 

In FIG. 7, the minimum k (default value) in the area cwk specified 
by the load (TS»1) is first of all detected, and stored in the region 
L (hereafter, these contents are called "index L") maintained in a 
specified position on the RAM 5 (step S31). 
[0080] 

Then the transfer speed TA ( L ) within the region cwL indicated by 
the index L is acquired, and these contents are stored in the software 
counter area.CNT (hereafter these contents are called "counter CNT") 
maintained in a specified position on the RAM 5 (step S32). 
[0081] 

The waveform data corresponding to the waveform ID (L) within the 
area cwL indicated by the index L is next read out from the waveform 
memory 10, and transferred to an area assigned previously in step 
S22 on the cache memory 11 (step S33). This transfer is performed 
in single or multiple block portions or in other words, in blocks 
where a transfer speed of 50 blocks per second can be obtained. 
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[0082] 

In the next step S34 f a decision is made whether or not transfer 
of waveform data corresponding to the waveform ID (L) was completed. 
This decision is made by comparing the size of completed transfers 
within the area cwL versus the total size. 
[0083] 

When the transfer of waveform data matching the waveform ID (L) 
was not completed in step S34, the counter CNT is decremented just 
by "1" (step S35) and then a decision made on whether the counter 
CNT is "0" (step S36) . 
[0084] 

In step S36, when the CNT ? 0, there is a block of waveform data 
to be transferred, so returning to step S33, the transfer of one or 
multiple blocks of data is repeated. 
[0085] 

However in step S34, when the transfer of waveform data matching 
waveform ID (L) has been completed/ the transfer speed (L) within 
the area cwL is set to "2" (step S37), and a decision then made on 
whether there are other areas cwk with a transfer state TS of "1" 
or not (step S38) . 
[0086] 

In step S38 # when there are no other areas cwk where the transfer 
state TS is "1", this transfer process terminates. However, when 
there are other areas cwk where the transfer state TS is "1", then 
the transfer speed TA is re-allotted among these areas cwk (step S39) . 
This re-allotment or redistribution for example, takes into account 
the priority level and causes of triggering among the waveform data 
being transferred. The transfer speed TA re-allotted in this way, 
is written into the matching transfer speed TA area. 
[0087] 

Next, in step S40 to find the waveform to transfer next, the next 
k (thenext "k^is here selected by a circulating method. • For example, 
when the area where the transfer state TS is "1", is k » 2, 5, 10, 
25, if the "L" of cwL is "2", then the next "k" - 5, if the "L" is 
"25", then the next "k" is "2".) of the area cwL that was transferred 
in the previous stream of areas cwk where the transfer state TS is 
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"1", is acquired and is set in the next index L , and the transfer 
speed TA (L) within the area cwL shown by the index L is acquired 
the same as in step S32, and after storing it in the counter CNT (step 
S41) the process returns to step S33. 
[0089] 

In step S36 on the other hand, when CNT ° 0, there is no block of 
waveform data to be sent so the process proceeds to step S40. 
[0089] 

when generating music sounds in this embodiment, the waveform data 
is in this way supplied at a high speed by utilizing just the waveform 
data stored in the cache memory so that the problem of a limit on 
the number of music sound generating channels due to delays in the 
transfer speed of the waveform memory is eliminated. 
[0090] 

When there is a cache hit, the music sounds are generated using 
waveform data held in the cache memory so there is no need to transfer 
waveform data from the waveform memory to the cache memory. 
[0091] 

When there is a cache miss, for waveform data specified for 
generating music sounds, the waveform data is transferred to the cache 
memory at a higher priority than other waveform data specified for 
loading due to other causes. Moreover the lower limit of this 
transfer speed is controlled according to the F number of the 
applicable waveform data and therefore eliminates the state where 
waveform data for loading out from the cache memory during generation 
of music sounds is not transferred, and so the present invent ion. can 
achieve stable generation of music sounds. 
[0092] 

The readout progress of waveform sample addresses is not 
synchronized with the transfer of waveform data from the waveform 
memory into the cache memory so that there are no restrictions on 
the method used for transferring waveform data to the cache memory. 
Therefore, efficient transfer methods such as block transfer and 
burst transfer can be utilized. 
[0093] 

The caching of waveform data into the cache memory is carried out 
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in single waveform units so that data management is simple since for 
example, methods are not utilized that distribute the waveform data 
such that only a portion of the data is loaded into the cache. 
[0094] 

Data possessing a high priority due to tone selection is stored 
beforehand into the cache memory so that cache hits of the first 
waveform data for use can be obtained with good efficiency. 
[0095] 

In the present embodiment, a waveform memory (ROM) was utilized 
as the storage device for storing waveform data. However, the 
storage device is not limited to this and, for example MD devices 
and hard disk devices capable of random access may be utilized. In 
that case, first of all, just the lead portions of all the waveform 
data are stored into the cache memory, and then the waveform to be 
used and necessary waveforms are transferred in sequence to the cache 
memory from the applicable storage device. 
[0096] 

The present embodiment is structured to load high priority waveform 
data during tone selection. However, this invention is not limited 
to that method and for example the waveform data to be used next may 
be predicted according to changes such as tempo and the performance 
sound range, and this predicted waveform data then specified in 
advance for its time of use and that specified waveform data may then 
be loaded in advance. 
[0097] 

Also in the present embodiment, a so-called full associative method 
was employed when reading waveform data from the waveform memory into 
an optional available location in the cache memory. However, this 
invention is not limited to that method and, either the direct mapping 
method or the set associative methods may be utilized. 
[0098] 

Needless to say, the object of the present invention is achieved 
by supplying the software program code for implementing the 
embodiment and stored on a recording medium to the system or device, 
and loading and executing the program code stored by the system or 
device computer (or CPU 3 or MPU) on the recording medium. 
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[0099] 

In that case, the program code itself that is loaded from the 
recording medium achieves the novel functions of the present 
invention, and the recording medium storing that program code 
constructs the present invention. 
[0100] 

The recording medium for supplying the program code may for example 
include a floppy disk, a hard disk, an optical disk, an optomagnetic 
disk, a CD-ROM, a CD-R, magnetic tape, a nonvolatile memory card, 
or the ROM 4, etc. The program code may also be supplied from a server 
computer by way of other MIDI devices or a communication network. 
[0101] 

Needless to say, executing the program code read out from the 
computer not only implements the functions of the above described 
embodiments but also includes the case where all or a portion of that 
actual processing is implemented by an OS running on a computer, based 
on the instructions in that program code to execute the functions 
of the above described embodiments. 
[0102] 

Moreover, needless to say, the present invention also includes the 
case where, after the program code read out from the recording medium 
is written into the memory including a function expansion board 
inserted into the computer or a function expansion unit connected 
to a computer; the CPU 3 contained in that function expansion board 
or function expansion unit executes all or a portion of the actual 
processing; and by means of that processing executes the functions 
of the above described embodiments. 
[0103 ] 

[Effect of the Invention] 

As previously described for the invention according to claim 1 or 
claim 5, when waveform data relating to a readout instruction is 
stored in the second storage means, then music sounds are generated 
based on that stored waveform data. When there is no waveform data 
relating to a readout instruction stored in the second storage means, 
then that waveform data is read out from the first storage means and 
after being transferred to the second storage means, then music sounds 
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are generated based on that stored waveform data. In other words, 
when generating music sounds, the waveform data is supplied at high 
speed using only waveform data stored in the second storage means 
possessing a high transfer speed and therefore the limit on the number 
of music sound channels dependent on the first storage means 
possessing a slow transfer speed can be eliminated. 
[0104] 

The transfer of waveform data from the first storage means to the 
second storage means, and the generating of music sounds based on 
waveform data read out from the second storage means are carried out 
asynchronously so that there are no restrictions on the method for 
transferring waveform data to the second storage means, and an 
efficient transfer methods such as block transfer or burst transfer 
can be utilized. 
[0105] 

In the present invention according to the claim 2, the waveform 
data relating to the readout instruction is transferred to the second 
storage means in waveform data units so that data management is simple 
since for example, methods are not utilized that divide the waveform 
data such that only a portion of the data is transferred to the second 
storage means. 
[0106] 

In the present invention according to claim 3 or claim 6, when 
waveform data with a high priority due to a tone switching instruction 
for a specified tone is not stored in the second storage means, the 
waveform data is read out from the first storage means, and 
transferred to the second storage means so that cache hits for the 
waveform data used first can be obtained with good efficiency. 
[0107] 

In the present invention according to claim 4 or claim 7, when the 
data relating to the music sound generating instruction is not stored 
in the second storage means, the transfer speed of each waveform 
sample of the waveform data is read at a higher transfer speed than 
the waveform sample read out speed during generating of music sounds 
based on waveform samples that were read from the second storage 
means . 
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In this way, the state is eliminated where waveform data to be read 
out from the second storage means during generation of music sounds 
is not transferred, and so the present invention can achieve stable 
generation of music sounds. 
[Brief Description of the Drawings) 

FIG. 1 is a block diagram showing the overall structure of the music 
sound generator device of the embodiment of the "present invention; 

FIG. 2 is a drawing showing the data format of the channel data 
stored in the register of FIG. 1; 

FIG. 3 is a drawing showing the data format of the C control data 
stored in the register of FIG. 1 ; 

FIG. 4 is a flow chart showing the sequence for tone change event 
processing performed in particular by the CPU in the music sound 
generator device of FIG. 1; 

FIG. 5 is a flow chart showing the sequence of the note-on event 
processing executed by the CPU of FIG. 1; 

FIG. 6 is a flow chart showing in detail the sequence of the 
processing subroutine for the load instruction of FIG. 4 or FIG. 5 ; 

FIG. 7 is a flow chart showing the sequence of the transfer 
processing for executing the cache controller of FIG. 1. 
[Explanation of the reference numerals] 

3: CPU (decision means, transfer means, tone switching instruction 
means) 

10: waveform memory (first storage means) 
11: cache memory (second storage means) 

12: cache con trol ler (transfer-means, music sound genera ting means ) 
13: address converter (transfer means, music sound generating 
means) 

15: DSP (music sound generating means) 
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tctm 1/ r $J|® $ ft * * + > * ;HK<* 0 £ C + > * )V 
ifcfi^^ftrc^ig^-^^fflc^r*^^^? 
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1 

j£SK*i(5j$©SII 1 ©gat83M8£ . 

zn&mLim&on 2 ©gate^ai . 
s*ta Li%7jkic%zifc&7 : - $ tsmszm 2 ©gatt^&«c 
gate s n-c t > z ir&fr zmm? * wm&m. t . 

*> ifim&m 2 ©gate^Kgatas nr t 

gam 2 ©gats^gtcies-r t . 

es-r <t *w u . 

s&gera&^scc «t *> ©&& i irge*#*BS^ 

sjsjg-r- * * * m&vm&m 2 ©gate#®ec 
£j£f * c -rsis^ 1 ccgais©&#£/a& 

B. 

j£$aa*<gi$©3& 1 ©gatt^a & . 

**- fiKijis*iWjS©m 2 ©gats^a 4 . 

fc. 8»g7n3ft;fc#feK:te<,»T«^{cm»e>n*aWB 
* #iftgajji2 ©gatfc£a«cgatt3 nr i» s*s*>* 

mfcr- * *iwrgem 2 ©gate^atcgate 3 tir t » £ 
*«c«. aae^- * fcirsaifi 1 ©gete#©*»6s*m 

S5rgam2©ge«^l2t<:igj|IT-5<Bg^©4. 

frgam 2 ©gatt#a*> 6 *©gata 3 ti tc&m?- 
fiS-r isSff^E^si * c £ *#»£•*• 

JiSSSfi. 

*is»(igate-r s. f- *issj$ffi*i<si(D» 1 ©gate 

^a£. 

7 s - fe^as*Jiftji©»2 ©gats^a£ . 
3%#^«c»5«07 f -**i8?rg2»2 ©gatt#a«cgatt 
3 nri,> s*>s*»«rflgii-r s*w^a£ . 

*~ * #i?gass 2 ©gats#a«c gates ti-ci>ai» £ * <c 

*<o&i&&v>-7j\>zmsm 1 ©gate^s*>6K*w 
u uga»2©getg^s«:ies-rsiEjs^©4 > 
iftsaife^miSftisc-c. f/ga»2©gatt*a*>6K»# 
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2 

isa*. t!rga*^fis#©K:j:*ssmt»->^i'©s* 

^eiisss^iis j£©m 2 ©gat8#©{c gate 3 nr t 

«c<ss«^f r - ^*iiiiiam 2 ©getg#S(cga«3 ^ 
nti»t#«c«. fige^WL/mjnfcicc.'c. g$s*tau 
Jg^fc^^jsoef 1 -**. ^©ifflfc^-^aigetedft 
■cos. ^-figasiiSAJescmiwgatt^©^^ 
8?gaiB2©gate^a«:<Eii6-r4<Ejs*ya-^ 

4. 

g?gaifr2 ©gate^s*^-e-©gatt3nfc«yg7 t - 

20 l5TgaeS*i; Jl -^«:«fcsa8g7 s -5f©iBS4iJga36# 
* -jmc J: S&W©£ja£tt#|!M8{ctT ton* 

-jit. 

jgjgx-f*!. 7 J -*«gsiiia*iiafj$©m2©att!^s 

30 »««f-*y»-jwcj:&*(i»i©isjB > itrga«5tw«cflac» 
^.tisjft^^- f*ig?ga» 2 ©gate^gccge«3 nr <,> 
«ct>4#«ctt. Sift^f'-**. ^©s^^-f^ga 
tesnru*. T-sm&mswis&vm 1 ©ats^a 
*>6K*tuo-c. 85rgem2©gatg^©(c<BS-r5<EjS* 

i?gam2 ©gats^©* e.-e©get83nfcjft^7 r - 

jSSK*i»a©m 2 ©ga«#a«: Kte 3 ti-c i» s *>s*» 

saje^- **ifiga* 2 ©gatt#e«cgatt3 n-c(,>%t> 
«t#tc» t ^ga^&jg^iour. K^&m^^sis 
^^-^©sa^^^^t, jfififir>itag^>^i-*>^ 
**asef s -a»*iaa«gate3tort>* < •T'-fissa 
s*ifia©si©iatt#a^6S*HiL. ijgam2©ga 

0 iJgaa^jgTSKitcr. usa3r2©gate^sa>5&is# 



3 

i?te<K£*t^ -;utc «fc * (O&r&BV- >7ji> 

> y;Kos*m i/ aa<fc n m&K. o/c c 4 4-r 

[OOOl] 

[^©nrrs&awju] 7- 
setssssf©-^- * oxmmz h*> * * > 

[0002] 

[SS*©«85] f 1 - * *5£iI&#<B&©Set£3$K 
<jS^>*'/ (ROM) *£t?) (CffitftStifciRJ&T*- 

«>©#»i6*iti>.&. -rftfe^. 

( 1 ) WBj"e'j*>^m^mstxtcwim^>^)i'iWim 

r*Ci«:J;0. @tt©sSg#i&B££liS-r*as#£fiJt£ 

'Mc^^xm^m^^^t^ «>© 

(2 ) ^-5fKiSiaAiffiai082tgi5S-CAS^- Y<f 
atii&tfiiH&BRAMfca- KU e©n-K3*afc8f 

[0003] 

[^*i«?^C«t^iTSS8jS] ±g2{i£5fe©£ 

#£/i&»8©5*> < 1 ) -ct*. ^fiW-<tai#jfi[}B*iji 

w^ytcfiBSSftriwQ^ifctctt. -e© 
«!)&•?■> zr^WMA * *> 6 K*ffl 3 ft ft 6 ft 
c»©r. ^ ^ssn2.^a^©^*>^ju«««r 
b> * ') <D7- *<&saa«c«c?rr* c 4 tcft s. 

[ 0 0 0 4 ] */c. ±S2fi£3t5©m^eS«IB©^ *S 

(2) -ctt. ^w^m^sn/ci^K. -e©«^fgjns 

Tl»ftl>«6Ktt, •€-©*§*<fej£-C* ft 
[ 0 0 0 5 ] #&93tt. C<D.$.temmLX1i3titci><D 
"CAS. f-f!S2lj$ffi^fiiS©ffi«KS«cKtt3nfc 

ss&^-^tcg-^-t. &82tesai©? s -*<Bsa&{c 
&&uxfflm$tiz f- ♦ D2H>* + 

©*#*£/«•*- 5 C 4^ffift&#£j£i5jH*J:C«5tt 
««**!6#-r* c 4 ZBftt* *. 
[0006] 



< 3 > 1559200 0-2 76 1 72 

4 

«>. sa#s 1 «cgB*B©*S3ysi£Stt. m&vw&r- 
* fcietft* 4 . **- 2 Gsiis*ifiis©^ 1 ©fsts^a 
4. ^-*^saf*ii«a©m2©gte^e<t. 

tix^zfrmfrzmwrzwm&mt, mmmmicj: 

sEm2©se«#©«:i2te3nri,^^<b*«:»i > 

«:85iesii©ietg#e*>6S*ui^. nam2<osae.^ 
10 ©«c«g-rsisi£#f84. firs2m2©ste^i8*e.-e© 

7 s - *icmn>xm& 

U wrgeiEjS^S^JrSaE^f 5 -*©^^^^^ 
»4TS. 

tooo7] cc-c. m©iate#©tt. mmmcu. 

i&BJ*:') (ROM) cti«c|g?>r, K 

*tttf4©J:5ftfc©rAo-C*>J:t>. S2©ste^a 
20 tt. WaWfC« % vi/Ajt^VX-bZW. CflJCiS 

[ 0 0 0 8 ] u < frieiE^ett. uie^ffl 

LmJFtc&Zr&BT"- 2 Z&M-r-Z mo.x i?gaS?2 © 

[0009] g»3j9B3 {CffiK©SI$^tj^a». 1SK© 
iSB^-f^getgtTi, 7 1 -:5'<tei£2&rtifi3$©8n © 
§S«^S4 t 7 s -3r<£SI2a*$iSa©m2©ffit«*ia 

gesr2©Kta^SK:gatt3n-c«,>-536»536»*«jgij-re*ij 
ah> 6ti iig^f 1 - f *iB?ges 2 ©lEtt^stcgetes n 

*>6>R*ffl0r. 8583312 ©§etfr¥«K:te£T£«e£^ 
©4. B9r8a»2©getft¥S*>6*©f2tt3<afci6^- 
f KS*tU3nfcjft^-4rtc®-5t>-c* 

^**ia-r s*#*fis#©4 c 4 *#»4-r 

40 

[0010] W#^4K&K©£#£j£JSgtt. a»© 

agg^^p'^A.ft^ifi^^r-^iUfSfflsett-ri. ^ 

- * <B£iIffi*iffiaI©S& 1 ©SStfi^S4 . ^-^IBSiS 

s*i®ji©»2©iett^S4 < ife^g^K^*^^- 
* wmzm 2 ©tete^iatcgeK 3 nrc > 

™ic%z>i&&? : -2<D&i&&?>'?)nms&m 1 ©sett 
50 #aa>6K*aju 1512^2 ©sat8#e{ciEis-r*R« 



5 

tssessmg^tcfcCT. flrgaai2©getg#&a> 

*S«c «fc ^;K0g*ffi L-fflfcj: o sate L 

coo 1 1 j iseaw^fisrs/ciixc. 
5«cgettoietSM!<*ti. §s*ffl big^tc essays- * 
* J . ^-*t^^#s8©»2©g€tfc£©{cgetg;*ti 
-a, > sa>5*»£*i«ij-r 3*gj59* ya-Ai, gawsij* y 

ntfm&Si 2 ©sate^fwc gates n-c 4 # «c 
«. j&ge^taug^Ki&o-c. tas*ttL^«:^5 

-*l£££ft#<Ba©J&l©gatt^8:0>6§&#au 
iai&2©gett#®{CfKjg**«g2S*t^-.;l/4 > 

[ooi2] if^6Kte*s©gati«8#w:. iffeWft* 

^feWfcf y ^ - ;U <fc , i£#fety&}g7j** 

-zeimBwmm<Dm2 ©gats^stcgatasfirc** 

»iS?l2»2<Diatt^S{cgBtS3n-Ct,>«cl,>it(c« > & 

a^-**. SGttojSSEjg^-^Aigatesnrt^. ^ 
-frasssaieaosfi i ©ga«t^®*»6,s*aii,r . 
iirgem2<Dgett^ia{c(s2iT5«gjs*i? a -7u<i:. urge 

**S£jj£*y»-n<4*#rt?c 4*8f»4-*-.5. 

[0013] m*mi Kntsno^immt, asm**. 

ic&z&b?- t> * 1 ^ta^2«z>gatft*e«:gattsnrt> 
^ci>i#{c«. urge^wj&^KfCDr. gs^mi^tc^ 

jS2S*ifij$©s i ©gete#a*> <=»§i*ffl l . fi?gem 2 
©gatt^SJciBSTiiBas^y^-^i. grosiun&n 
{cj&gt. nrga»2©get8^ia/p6gAa#^«c«s» 
^^-^©js^^^^^jeycSAiau. 
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6 

©sa»e-*>^©*s&jiK* v OT»HHfetf*5>»- 

C4£#fc4-r*. 
[0014] 

imi<D3m<DBm «t\ *3S9j©js*6©jB.«*iaffi 
[ 0 0 1 5 ] m 1 *&w<D-mb<mmicmzi£m 

[0016] mSUcfjkT J: 5«c t *HiS©fl5l!g©35#£ 
10 fiSJSBtt. &IIt&8£A*?^Sfc#©ig&©x-f 

, 0- 1 £, Sa«f«^«:^-r5. ft: 
tXH*Mffii,7 : < (LCD) 

K (LED) gf£<S*./cg^£B2 4 . ^a^f*© 

*flflji£5j£CPU3 4 > gAcpu3*i*ffr.5*tiai7'p 
f 5 A^saf — 7)1,7- *3?£gatg-r s r om4 4 . 

gEtfrr*RAM5 4 > ^-(-rS(3i*i!iJi{c*jW5»(ii* 
^w-?»a-«^iffl*gt^-r**-<v6t. ijgeiwaj^oy 

20 f^«rgetg-T4^-K5 s vXi'Ka7i > ^gp*>e>©M 
I D I (musical instrument digital interface) ft# 
£A;*Jl/7c»). MI D Ht#*^S|5«:ffi^Lfc0-r*M 
I D I -f>£ — X8<t. ch (channel) ^-^ 
(H2«:fflU-C^BB) *>C (cache) flf-S (03 

ZZ9tZ&b. Ctl^SfiltKlljRl-gtt. /<^l 

[00 17] A-Kf^X*Ka7(Ctt, l?f^©J:^ 

«c. cpu3*i|^fr.s«fltsi7'oy7Atga«-c*. r 

30 OM4tC*fjai7'py7A*Jg2t«3nri,>^(,>*i^«:t3: > 
C©m- K^^XiXCJJOT^oy^AigaSS-jf-c** 

-e*l*RAM5CCS*iitfC4{Cj:0. ROM4(C 
$fjeP7"0 ^7 A*gatgt/-CC>£iS££|5J«©*&fp*C P 
U3{C$#*C£*1-C#* 0 C<D«t5(ct5i. $0®^ 

COO 1 8] MI D I ^>*-7*-^8«. #m©fc 
©«CK^-r. RS-2 32C«>USB • 
J/';r*-^) , IEEE1394 (T4 b ') 
-1 394) 3f©iaffl©-f >Jf-7a-XJ:»j^)iRLr 
W C©«te. MIDI ^ f •b-i>«^©7 ; -df?: 

[00 19] l/^5r9«:tt. (fc£A«. 1 2 

8Mwo r d) fr-07-*1a£m&W(m (ft±*.a, 
6Mwo r d/m (DUms**) (ROM) lOKgett 

3nrt>4iS3Bf t -5f4 > 'i^sm (tctux. 4Mwo 

r d) ^o^-^IESIiiffiAiiajS (/ti^.1*. 6 8Mw 
o r d/») ©+♦ 9 1 1 (CB- FLfcO. 

**v>*y*yi 1 kp- K3*irt,>a«^-dr* 

s^mo/co-rs** y^^snajaji 2 4. jft^f 1 -^ 

0 *R*fcBTBl© 1 ^>^;l/^fc<D ©r K UX©ji*ffl4 



J** F ir > j< F N * * > * ;l>§KStrr S t <!: 

«/cAODSP (digital siqnal processor) 1 5# 
[ 0 0 2 0 ] C Ct, ^Is^O^So^^^jg^^ 

lioift^- bottom 

^r»*3n/cK*abr FuxMMRfl»<£&ti&& 
aaKjawi ookHzi^otc^, 

[0 02 2] C<E>1 0 0kHzOt>^;>^Uj(«o 30 
1 HJJTC, 1 m<D$l&?>7)\, (*<D?*-*gJU2 1 w 

<CffiJBlsfc£»(CH:. 66Mword/»Tl00kw 
o r d/#/c h = 6 6 0 c h#©^££*£-r*C t 

[0023] fc/cU *3m4>Stt-CI*, 1 > 
yaWrtr, SA6Mwo r d/^O-r-^IBS, 40 

*>%jR»^*y 1 o*»6**yi/*y^e»; 1 l'Moayg 

-r-^CO^-^R^fctf^rC^/c^ BMword/ 
»H00kword/»/ch = 60ch^ ±ffi6 
6 0 ch*»6g0?|<,j^#*£. LfctfoT, 

[0 024] CMB»£ffll 4tt> l^**9lC«|fti*ft 

>*^s<oisagf s -4r<DH*ffli / T ku* (use) * 5 o 
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i<bfc(C, -£<ZVh»g&£DSP 1 5K«|&-r*. 
[0025] **^>*fij®jgin 2«, U^**9fCte 

fflf^l/tC^»^f-^+t7^ay^lJ 1 1 CC 

<D&S) <Djgy£:r-~*£+i> ? ^jl^^ti; 1 l frh&fr 
ffll/T, DSP 1 5CC«*&<r*. 
[0 02 6] CCT V iS^y^t; 10 a> 

kwo r d) rs^fflsnr, *tr>a«»J 1 ICC 
Fi>x&&1&Lx^zt><D£LX8&'rz> 0 c<otctb> 

UX*>£«U COSgr FU* (&:/P ? *«4><KS 
• 3U^^a> (garbage collection) £P*A/C 
[0 0 2 7] **?^$flaig&i 2«, BW^f- 

ffir Ku^^+ty^ay^y 1 Hour Fu^cca: 

1 1 IClggiSftTO*. 

[0 02 8] DSP15tt, *§^^>^^«iS. X7 

jn/cf^^^ff-ir^DAC (digital to analo 
g converter) 1 6(C^U, DAC16« % DSP1 

f*A l 7*/rLT#»fc££3ft*o 
C0 0 2 9] CCC, l^f^^>^^«iSC!>i^feor)<!: 

[0030] if>^fRiigra«isr«. * + ^ ^^©Jisi 
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DSP15W. C©2<i<DS0Bl>->^KcS-^l,» 
-CttfSlffliai«:«l:0»ia|-9->^U«:^S^i. fc%3^ 

aiKS^as^fcjSOK^^^iffiteL-c***. c© 

coo3i] ^ ^**&ji-ett. ±Mttm&<Di&& 
7-$icttLt:> tct%.ti.a-w? ikummcX') 

ifrzmmt. 

[0032] ^fix>^a-^teffl-C«. 
ITMShfcEG (envelope generator) fHRStiNSK: 

[0 03 3] *+>*;URiwsfflTt*. jo^o-?-© 

[0034] 3-7^«s-c«. m&wssmicm*>3t\ 
[0035] y /^^-ftffli-ci*. mmmttiiwcmjjsti 

[0 036] =*-5Zlth&t>W*3-2tl 
[0 0 37] ^3v-f1fftiffl-C«. 5**ffiS(Cj:^r 

s if ztitdtmf- *©jaaMM*tt*ftmwffl>r 
[0038] cvm&mimwtnjmmztitctm?-- 

Mfi* DSP15*>6DAC16(CflMft3n4. 
[0 039] «±©J:5K:. fiMB#fe£8Pl 4*»<J:0 { D S 

p i 5». i y >ys»irt-c«*6 o 

<,». ?tj.t>%^ &j&mzmft&B o o c h-c«8&<c>* 
-c^-ofbofcaus. 2-5{cat5'KbO'c*ti-€ t n^ 

»300chr«SB^fc^:/^WbLfct*i3L 4o 

«:M?>HkC/-c-e-n-en^sii 5 0 c hrsstatc^^ 
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&5»Hb©8*«-S>-r C £«: <fc 0 7*7 >©88t*« 
[0040)0211. Ui^SQK&iWSttSchf*- 

[004 i ] schf'-f 

£9. uyx^9«C«» 6 0 0 c hftvr-ZWSdmS 

tiztmc h i ~c h 6 o owm-tztix^z. 

tcto. ISJHCCtt. ch3©chf-fOf-f7*-7 

[0 042 ] KH«:4Bt>-C. ch^-^ti. F:T»<F 
Ni, ^3*iS*§©£{*ffJfc§fi<k. ^^RtCfiS 

flrr*> &j&>*y i o±<D&&7 : -$i:&m?zttit> 
'Hi) ±©sk <«j&i aa&T 1 -*© 

20 ^-^s*tai/»7fiis) ©«*fr Kuxt»«t. m 

*T*5DCF (digital controlled filter) SSflflPtt 

« (jute*? h*7i$tt^u>y^>x^tt*$t?) 
tt«<b. y-h*>/*7©«ss*-€-n«n "o" t 

[0 04 3] F^->^FN«. ±i*©J:5«c;. SW&ir 5 - 

*^-r«>©-c*o. ifirr^*!!!^©^^-?-©^^ 
fflt^a^f 1 -**^*^^ -e©ffl«9i*s. usee 
ffllfessui 4« v ^f-A©if>^';>^j«g» (^tn 

WfOm&VU. I?jas© J; ^ (C. 5 0 k H z ) {Cl^WC/ 
r. S^ + >*-)H5KF^>MFN«:iRaL. g[S^ + 

[0044] wm**') i o agates ttros&agBT 1 
l o±-c!|$3£T-Sc:<t*i-c#4. 

[0 04 5] ^^/^^^-irli. *©ffl*i "0" *>6 

" i " icgzitvttmgLT; ^»^+>^u©as^©*t« 

4BII*&1/. "I" *6 "0" «:gC<bl/ft:^-C t mL* 
♦ >**<©*#© y j: 5 «:> I53BDS 
P 1 5fC*&n-T£fc8t>©<>©ra*. 
[0 04 6] H3«. uyxf QtCftWSn-SCgSf 1 

[0 04 7] CftS^-^rtt. =rt7J/a>ty 1 IK 

so «ifi3niaoBf : -i»©«jB*gffir4fcif>«:^«f«ca 
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©f^^iEtftSti&SSigcw 1-c w6 0 O&mfh 

krr^T&ilr**/c«>> EH3CCte, cw (cache wav 
e) 3CDC^Sf r -£(D7 r ~-*;7 h #01^ 3 ft 

[004 8] l^0CC*a>T, CS&t*-***, ±!2ch 

^^f*-hTs<b, ?i/»^y i i^m&m 

7- * £*£j£lT * <L * <DiIS£^-r*tei£&K TAi. ^ 
Sig^T*-*©** *^y*y i i ±<Dfstg(4K£(£ 

<t, ^jRB^-^o^^ + i^ ^>j*y^ey i i (c|KS 

*<Dffl&jt*:t) 1 0±<Z>ietS{4K£H 

[0 04 9 J R&Xir-FTStt, "0" "2" * 
[0050] 0 : ^KSSg I DaWST^**-*!*^ 
l 1 (ctESKfiottift 

tEaaKTAi** "o" -i 2 0- *r<zH>rti*> 
<o7vv>7& (*$m<o&mT\t. 50^7^ = 50 

kwo r d> ft TA=0 
tt. *+»s/»y*y 1 i^9*-dr|Ea«m>ftc»K 

B£?nU TA=lli, Ir+vis^JfJ 1 1^<D50 
7Vy2/m>7-2mk&r5imZijk[s. TA=2 
*5/A-rf*!J 1 1^(0 1 00^P7 

A t traa^S tiSftfti** ltttfflKfci* 

[005 i] ccr, i^/coccies^ns^o^^ 

Ft>/<FN# " 1 " KK5£3*lfcc:# (isXTA 

<DV>7»>ifm&& (=50 kHz) vmtr-zv 

[0 05 2] l£iSEaTA<5:br«, ±jfi4)J:9 
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6Mword/#r*^Cc«:J:^ L/c#oT. 

« - 1 2 0 " ) #E-f uri*. tc 

( 1 ) 8fl«OP- K«c»Lt, t6W©p- KJ: 

(2) St«OP- KK»0ttt 4 -eoaaB^-^srffi 

ffl-T + >* ^CD F :T > ' t F N CCjE 0 

(3) Wfi«Bft«W>n-KCC»LTtt, 1 2 OfcTFOff 
0 ZcKiSlS T A OSttifi. "120" KSIjt 

LTtt. IBSISTA* -0- &l,Tt«fclO 

ccr, ±ta ( l ) (c*jt>r, xmoa- Kitt. 

cc, ^»^^-*4«»&y*y i o^6S^fflur+ 
**i^y*y l ncn-KT«c±*c>9. *fc % § 

^-frfc&JB^y i ofrt?&&ai,x*+ *^:*y* 

y 1 KT£j&^ C©n— F*C>9. 

[0 05 3] £fc, ±IH (2) (C*Jl>T, Ft>^FN 

*W0±W^clI«r(r>C\ FN=1. 5<Dt#(C« "2* 
"C*^. (SiSiiffiTAiLr, F^>/^FNCCJSD/c« 

(DimtiLZ* Ft>^FN= l<Di#{C^^cJKS$a 
*SlgCCg9:SL / /c^6'C*0, Ft>^FN*l "l" J: 

[0 054] 3 ±se (3) CC*Jtvc\ #fe^Jg|^F 

on-Fcc^rsiEaBueTAOBsacc. jjb (2) 

^■<D#fe-Cl^Cc*W^feaE 3 li ^ * ■C<D(fflCc^[fflWJ&: 

[0 05 5] * + vls*imtfLW.VmT KU^tt, ±« 
OJ:^tc % ^KiSygf r -^0+^ vis****) l l±o 
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CO&jfcCCg-^r. 9^ A tQfDffl 2tt. (EST 

(co^r«, »ra^e - 3 5 4 7 3#^ccme*cm<* 
[0056] &±®xs&mf&2txtcm^&f$£i&tfim 

[0057] l^mo&i&vm^&J&i&Ete, H£LX 
1 Otf>6K*tfiO"C\ ++^2> A ^^yii 

<3) ±S2 < 1 ) fccfctf (2) tctoVZ&BJfJ 1 0 
frh*+vis*s*:y 1 l & 

^Lxn^Lx^^. g-r*tc> ^t/^b^ how 

5£*>, t 7 hl/fcjfcofciS^p-Kra^O**^> 
^ fl^, 1 r><Dtili&(Dtp<D&y- > t/;U£> £ I 
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(5) ±gfi (1) (C*j(« + t!;^ SX^OltoS. -T 

#fr^a5tf&-rf*y i oa>e>** ^^^>^ey i i ^cd& 

&«C, ±ga£$UQtt£& (1)^(5) (Di^ffl^rKWT 

[ 0 0 5 8 ] H4«. *mfe<D&!&<Dm^Zifmfc *$ 
CCMiBCPU3^^fr^^fe«J»^^> h*JH©*JB 
i ^T7D^t-ht*0, ±BMMfiS (2) £j! 

[0 05 9] ^0tC*5l>T> t6t0ft^-<>h^ 
X. RAM5CD^f3£{4gtC$g«$tl/c^lSTC (feTF. 

T-^^S 1 ) . 

2) . 

[oo6i]-eur, ccommztitcw&i Dtc^-r 

I D<b|^-(Da[^I D^, 8*ief£iH*?*-hTS# 
tc (^f -^S4) ^CC, 

[ 0 0 6 4 ] C CC, D- KI§^8i^^;l/-^>« % 
[0065] H5« % CPU3)Cl5|ltfr^-/-h^>^ 
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mm ( 1 ) *H3Bt/fcfc©-c*s. «ib. mmr 

[ 0 0 6 6 ] |5l0Kfa^-C. MSWc^-h* 
W<> h**^- <&) ^P->-r £ 

$NN (JSJT. C©MJ3t©F**g* ry-h^->y<NNj 
11). 10 

[0 0 67] ;Wc. y-h^>^NNte«to'#fiTC 
(C©f6TCtt, y-b*>-(^<>h*m^stiit 

*CCttgttcg3£;**vCl>*) fcttJfcO/dtfEJg I D£tfeW 

TS (XfvfS 12). 

*>*«S1-r-5 (X?^:/S 13). C<D#9S!lli. mSex 
f * S 3 vomit |BJ«©;frffiK«J: Xtf 5 . 
t0069] X7^:/S 1 3T, aft©*^-**** 
*»i"»j<*y 1 lJbfca- K 3 *vct>&<,> £*«:». 20 

(fc/dU i«aa-KJ§in) SrHtTbfc 
^S14) «CC. X^-^^S 1 5tCjItf— BfcJ©& 

5JCjitf. 

C0070] X?v7S 1 5-C«. S*^ + >*^4tfe 

[007 1 ] iK<X7 u v^S 1 6rw. W93-cfc* + 

#&TCteJ:a f >'-h^->^NNK:j£;o/cS 30 

©eOOch^chf-^mW. SID^-C^f 

N. WttTh'UX. DCFSOSPttSL EGW 

©filiate J: tf*©fS©tfW8*S * iitf. 

[0072] -etr. ^&*+>*JKc*ti/-c-'-h* 
>*&&Utc 17) Jt^-hsj-w 

^bfm^njrh. cc-c. ^-h*->©s:5E«\ 

*7f=-3f*y-h*> ( "1" ) KS&tZCtiCj: 40 
[0073] H6ti. UrsaX7 u ?^S4*»J:CJ t S 1 4<D 

«as (5) *^3ssn*. 

[00 74] rai3«Ctot>-C. *-**. Ui?X5»9CD6 0 0 

"0" ©««Scwk (ktt. 1~6 0 0<D(,>m*>©SS 
affl) <D5*>fi/JvDk4H«rrS (Xf»^S2 1) . 

[0075] yctc. »s (*fc««m) 3ft/c«je i d 50 
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#^j^* s -*£Etrr*fc»©* + »i'».rf* , .J 1 
i±<m®z&')m-c*> (^^s22) . c<mm 

(1 ) 1 i{ctetgsn-ct,»«.as:<i© 

(2) *©»CC^fiS3tlfc^#^f . *»I DjWwT 

(1) teic; (2) cD«a««oiE-r. 

[0 07 6] »<Xf7^S23rB, ««cwkl« 

ewers. p,mwca % naami 

[0077] -eur. hb#«:d- *<Dm 

(dSi) it (xf 7 «24) &«:. *n-pfiffi« 
n£i*7rs. cc-c. acis. mi&Ltcyjmtcjtix 

k*. »jc-r*ig263aTA«««:##ji*n*. en 
«c«fco. wK^&wa-^vha&ja-ett. ras$j (eta 
sr*fci££«#i9se3ft. im.'-hJ-W'oMB 
ffl-c«. rwaj Kffi^rstK&afitfsststi*. % 
te. rfiisj te«fctf rusiij ». *ft«*-f h&ffi 

4vCt>tttttll*. KftBttTAtC "12 0" ±xtm*) 

[0078] mi\t. ma** »s/»ww»i 2*^tf 

(3) fciCX (4) iSI^L-fefewr**. * 

Knew*. ±sea6©D-Kt§^«ia-!f^-^>«c 

[007 9] H7{C*JC>-C. P-K*Jf§^(TS 
= 1) 3h/ti«cwk*. «/M>k (»JWffl) *«lffl 
L. RAM5©Sf!£aS«:Sgeg3n/c««L <«T. C 

>^S3 1 ) . 

[008 0] -eur. Of^^L^t^cwL 
rt©<BSi$aTA (L) *8tf#b-C. RAM5<D3fStt 

T. C©rtS* r*^>^CNTj ilO) CCtSWT* 
(Xf'-yT'SS 2) . 

[008 1 ]3«C, Of^^ LtfitMicwLrt 
©jfi]gl D (L) {c^tjeraifije^-f^iR^^y 1 
oa>e>si*ffio-c t i?iexf-97'S2 2rao^r6ti 
tc**vf*st*:<) 1 1 ±©««ccis^-r.-5 
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S 3 3 ) 9 COfisSSt*. 1 £/ct2fi»fflcD:/n ? 
[0 082] «<^f ^S34m ^BI D (L) 

[0083]Xf^S34r, S^I D (L) tc#j£ 
*7^>*CNT* " 1 - tcVrzVjObLtc (XT? 10 

^S35) ate, #^>*cNT*i M o" r***>sa> 

[0084]Xf^S36r 4 CNT^OOch^tC 

RSt^#iS*f-^0^a ^ Msg 
^x^^S3 3tcHr>r, l Ztc\tmm<D7u v*<b 

o jit. 

[0085]-^ ^f^S34"C, j^flD (L> 

cwLrt(DKSXf- FTS ( L) tC "2" ^KSOfc 
<x?*?yS3 7) f£tc, ite^f— FTS# 44 1 " <D 20 

S3 8) . 

[0086]Xf^S38t, ^Xf- KTS# 

^S^r»T-r^-^ IBgXf— FTS# " 1 M <DM« 
cwk#<6tc#^*<fc#tct* % fOglScwklBt 
«^i£fiTA<Z>3S2#«:tT 5 (Xf ^S39) 0 

3ftfc?fci2liIfiTA£, S|ggiigTA{fiig8tC# 30 

[0 08 7] «<X^*:/S40Ttt. ^CtCiSSt^S 

ok (ccr, ;£<d "k" SatWtciSfRSfta. tc 

e^Xf-FTS^ M 1 " <Z>M«#k=2. 
5. 10. 25<Di^. cwL© M L^ - 2 w t*ti 
fcCfccD 44 k" « "5" r&D, "L" # "2 5" TNfcft 
%0 "k" « -2" ) ^rRSLT, >T>f r 

**XLtC8»£U IJgBXf- 5 r^S3 2<b|ll«{CLT, 40 

>f > ^ * * * l mm c w l waxes as t a 

(L) £IRf9U #*>*CNTtCt&|ftUfc Uf^ 
S41) ate, BCfieXT^^SS 3tCR*. 
[0088]-^ Xr-?:/S36t\ CNT=0<D<5: 

±ffi^7 u 7^S4 0«:iiO. 
[008 9] C<D<fc5tC. *Hi6<0^®r«. 

j5XT*<fc#ictt % ^^^ytcgatesftfc^?* 
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[0090]^t7i/ab^ FB$tCtt. 

[0 09 1 ] ftfWJg^Stiyfcifi^-^CO** 
J: 0 m»flE5fettr * + » 5/ * > * y tcie^s ft* i <t t> 
tcj£OT*W3ft£<DT\ #Wf©Jft*«c*^ 

[0092] m&ysfjwDm&BiLr f u^coittf 
IE^<h^*ii»ir^$ft-2>cD"C, ■J'md 

[0 09 3] i&J^-*©** * ^jl^* y^sCO+f y 

-»^«iifi^*{irff^ft5or, ?ttt>*. igj&T* 

[0094] mttfttc&txmttvn^ffl&f*-* 
Arffifflr^aae^- *tc oi,>r feSftspj: < + ^ v > ^. 
[ 0 0 9 5 ] *IK6<D^jBr«, iSB^- ^^rfS 

t8T*iatt*ai<kLr«f»^*»; (rom) ^ffi^L^ 
[0096] &tt. *mm<Dxm-cu. wfes»?B$tcft 

5tffi<DHJ C > Wfr ? - 2 £ p - F r * J: 5 tc U T (r »* ?W , 

cfttcie^r, mnmw*r>#zf<Dmticfccx, * 
ft/ciffim^-^^^D-FT^^^tcurt^c^ * 
«F^tc5ti£^rf§so. CKDfijESftfcaygf 5 -^*^ 

& n - F T * «fc 5 tc L T £ l > . 
[0097] 3 6tC % *HiS(D^ffl"C«, * ij * 

^•9>*7^TV^Tf-^^^;^»mL//c^ Cfttcfig 

•r^(Dt ^rft cD^rs*»ffl irw^. 

[ o o 9 8 ] ±ifo/cHis<o^»o«te*i^T 
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S V V h 9 * 7 <D? n if =j A n - K *gEgU, fcgEtSigt* 
*. fX^AjfefcttggCCfiMau *<D>Z?-A£tc\t 
£g©n>e*-2 (*fcttCPU3-f>MPU) #S2t8 

[0099] C (Om-ii. &&Mf*iPt>miti3titc7n if 
7 A 3- K S##*&9!©»r8i&«|}B*|!?3SiT S CiK 

[0100] T-B^An- K £{fcte-*-.*> &#©£«& 

ifcfwx?. ftlS^l? 1 CD-ROM. 
CD-R. fiB»^-^. F. ro 

M4&££flK>*C£*iT*.5. <fe©MIDI« 

^d^Ad- F*HKI&;**i5 < J:5K:i,-c«>J:l>. 
to l o l ] tfc, ^>t:*-iti>immLtc-7a?7j* 
=> - bimnr * c £ CC J: 0 . ±80 fc*J6©J&«©t9l 

±^ vtcnm<DBi&<Dm&wmm <* *i ti s 

[0102] $6tc. smmm*?>mm$titc-?a>/7 

An-F*J..=»:>f»-* x $ ft fctS&lfcSg - F 

**y«c8j£*tt;te&. ^©T-ay^Aa-FOfg^K: 
£-3*. *©«ta£35#- F^«tgffiSR^- ^ Kc«*> 

s c p u 3 tt zimi&omwD-uz td,t±m& t c > . 

[0103] 

[IfeW©^] feLhWML-ftiJ: 5 (C. 19*5 1 * fc« 5 
ccgetS©#gi!BK:J:*i«. S^tHl/Jg^fc^iiK^f 5 -* 
#Sr2©£tt#®{cfietS3*vt(,>a«!;*{ctt. -€-©ffi« 

ictezumr- $ *isr 2 ©tets^ ©teste $ n-c i»«cc> 
i#«c«. ■e©jfflBf r -5f*»i©ffitt#©*>6s*a 
or. SfT2©i2ta#&fc«£jSt,fc&. -e©ffite<*<rc(r> 
SSy&^-fCcg-^-c. *^*^S-r*«t^«:ote© 

a#ftj$©3i2 ©iatt^stcffissn/cjft^T 1 - *©* 

fcffifflLrftatcayt^- * J: 5 K o fc© 

■c. ^-^isaijafidiffisosBicffiffi^stctsffrs 

[oio4] */c. »i©gete^s*>6»2©st6^s 
^©aae^-fciEai. m2©ist6^*>e.e*ffis 
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♦vfcSBg^- *Ccg-3< &§©£!*<!: tf^lSJW-CtTtoti 

*©r\ gr 2 ©sete^e^©^^- iKDm&jm&ffl 
fBSnr. fc<b;t.«:/n7 HBS^Sfc 
3W©<fclr>ISS;£££ffiffi-rs c -5. 
[0105] lt*52CCieK©ftW{C«tto«. 

sk^ss:* **©-<?. -r&*>*3. a^^-^^sso 

r. -e©-^©**i^2©SB«^l8{C|ES3to.S£l^ 
2rffi-Ctt&(,>©T\ ^■©^-3'gffi*i|ig^{cj&:4. 
10 [0106] S»5*53 *fc«6 {cgeigo^wtc 

rft^fcWtcffli, » 6*1 Sjs^f 1 - 2 ©ffite^©tcs2 
tasnr (,>&«, >£*«<:». KffijB^-^^iciete^ 
©*>€>K#ffl3*VC. «ria»2©ie«*iaK:^3*i-s 

[0107] K»3jaH4 */c«7 <cia£©f89J(cJ:*itf. 

^^(c^jgy^f 7 - * #gr 2 ©Kte^a«cieti3 n 
-c <!: ^©jsogf*- ^©s^-y-^^wKaijia 
20 ^2©s2t8^e*^K*m3tifcaaB^>^wcs 

&tci/fc©t\ ^f©j*cji{csi2©iBtt*s{cK*a-r 
^ * we? > 7-jp*j*<£js £ <, »^ tes*»^-r -5 c t # 

[HW©W*)tc»9!] 

[0 1 ] *mi<D-nm<D&fe<£tez&g&m&&<Dm 
[02] Hiou^ftc^amsn-sch^-f©^- 
30 [S3] @i©u^a'(cts»i3ti-5c©af t -*©f r 

[05] 01©CPU*J||tfr5>'-h*>^'^>h4!i 
[06] 04*fc«05©a- Yt&mtoMV-fto-r^ 

[0 7 ] 0 1 <d* r v ">^sdai^*^itf -r ■sibs«hs© 

3 CPU #fett&*§7n3«) 

1 0 m 1 ©Kte^s) 

11 +-r-»i^»>*y <nr2©iete^s> 

1 2 ^i/^jdtaiap «es*s. 

15 DSP(^^fiS^S) 
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[01] 



im2) 



MIDI 



8 



1 


2 










A # U 




sw 









13 



ttfttf 
14 r 



DSP 



(cwat chr 



to 



ETZI 



6 



CPU 



ROM 



4 



DAC 



*»4 



18 



11 



-16 



-17 



Chi 

ch2 



ch3 



Ch600 



RAM 



DCF1NMMI 



m3] 



cwl 




CW2 


/ 


cw3 










CW600 





Cift^T 1 - hTS 



[04] 



S2 



YES 



[06] 



S21 



"N" 



c 



NO 



1*7 



S4 



S22- 



S23- 



S24- 



ttjgiDontrttJB 



X 



cw W> 

I 



TA«»£t 



C 



(13) 
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[05] 



[07] 



sii- 



S12- 



V nyr<VEL^rSW 



TC&NNIC*tel,fc 



sn^-Ny 1 v 

/ tt&UB\o<0&& \no_ 

\ r-*hy»? / 



S14 



515 



YES 






I 









X 



517 



c 



I 



S32 



X 



S34 



CNT«-TA<L) 

==i — 



S35 



I 

CNT+-CNT-1 | 



.YES 



S37 



ts(u*-2 n 

[ ,538 

< T5«l/fcU7 



„S39 



TS-KDcwHJT 



CNT=0? 



NO 



3 s 



,S40 



T5=1<D2fcODcw 
CNT«-TA(L) 



c 



3 



